INTRODUCTION
Hydrostatics, in the seventeenth century, was a topic of intense interest, poorly understood and beset with conflicting theories. In his Hydrostatical Paradoxes made out of New Experiments (1666), Robert Boyle wrote that:
the Hydrostaticks is a part of Philosophy, which I confess I look upon as one of the ingeniousest Doctrines that belong to us . . . Nor are the delightfulness, and the subtlety of the Hydrostaticks the only things for which we may commend Them: for there are many, as well of the more familiar, as of the more abstruse Phenomena of Nature, that will never be throughly [sic] understood, nor clearly explicated by those that are strangers to the Hydrostaticks . . . . But the use of this Art is not alone Speculative, but Practical . . . .
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William Sanders are considered; and a short final section offers some suggestions as to why Sinclair's work was so neglected and denigrated. The Appendix lists contents of Sinclair's three main hydrostatical works.
SINCLAIR'S LIFE AND WORKS
George Sinclair attended St Leonard's College, St Andrews University, where he matriculated in 1645 -1646 but did not graduate as a Master of Arts. 12 He was working as a pedagogue, or private tutor, in St Andrews when appointed a Regent at Glasgow University in 1654, and was thereafter styled 'Professor of Philosophy'. But he was forced to resign in 1666 as he was unwilling, as a Presbyterian, to swear an oath of allegiance to the king, and submit to episcopalian government in the Church. 13 He then worked as an engineer, mining surveyor and schoolteacher, when he superintended the construction of a piped water supply to Edinburgh, located coal seams and advised on the draining of mines. In 1670 he was licensed by Edinburgh Town Council to give public lectures on mathematics and natural philosophy, perhaps the first such in Scotland. He was reappointed a Regent in Glasgow University in 1689 or 1690, the oath having been repealed, and he was appointed its founding Professor of 'Mathematicks and Experimental Philosophy' in 1691, a post that he held up to his death in 1696. 14 Early in his time at Glasgow, Sinclair assisted the Marquess of Argyll in operating a diving bell to recover pieces of ordnance from a ship of the Spanish Armada wrecked in Tobermory bay. 15 Sinclair's practical interests in coal mining and the diving bell, and his measurements of the heights of mountains and the depths of mines by using a mercury barometer (or 'baroscope'), are reflected in his hydrostatical writings. His first work, Tyrocinia mathematica, published anonymously in 1661, consists of four tracts of elementary instruction for junior students -on arithmetic, the sphere, geography and a 'tractatus echometricus' -totalling 120 pages. 16 Hydrostatics is absent from this work. In August 1662, Sinclair visited London, where he met Sir Robert Moray, a fellow Scot already known to him. Moray was a prominent fellow of the recently founded Royal Society, and acted as president at several meetings, before the election of William Brouncker as its first official president. 17 With Moray's encouragement, Sinclair deposited with the Royal Society a copy of his recently completed manuscript 'Treatises on Gravitie and Levitie', and Moray advised him to translate the work into Latin for publication. This is certainly the manuscript preserved in Glasgow University Library, entitled The New and great Art of Gravitie and Levitie, or Five Treatises of Natural Philosophy, demonstrated by Physicall Experiments.
Sinclair then mentions his intention of trying 'the Torricellian experiment upon the top of some high mountain in the hylands in summer time'.
The next letter, dated 6 August 1663, renews his request and indicates his reliance on Moray's judgment, asking whether you may judge them worthie of publick veiw as they are, and if soe, how it may be done; or whether (which you inclined to when I came from London) I should translate them into latine . . . . I am very willing to doe with them whatever you shall think convenient, even to burie them in oblivion for ever, though I have been at very considerable pains in bringing them foorth, and though for the most part and more the things therein contained are new, and never heard of before . . . But the manuscript was not then returned because Moray had passed it on to another, most likely Robert Boyle. For, on 29 December 1663, Sinclair wrote that: 'I do render many thanks for your gratious returne and courteous answer, and for your caire in putting my manuscript into the hands of so worthie and learned a virtuoso.' He goes on to request a further favour from Moray: that he commend Sinclair to the incoming Archbishop of Glasgow. Sinclair wrote again on 13 August 1664, acknowledging a letter from Moray of 15 July, thanking him for his recommendation to the archbishop, and discussing several matters relating to hydrostatics. 21 He ends by reiterating his desire to have his manuscript returned, so that he may translate and revise it: 'I know now all Mr Boyles hypotheses anent the aer, and therefor I think I cannot readily go a wrong in these at least.' Presumably, the manuscript was at last returned shortly thereafter.
Sinclair's reference to 'so worthie and learned a virtuoso', and his subsequent explicit mention of Boyle, accord with the above quotation from Birch, that the manuscript was to be referred to Moray, Brouncker, Boyle and Goddard. Though there seems little doubt that Boyle perused the manuscript, he did not admit doing so. It is here suggested that Boyle's later Hydrostatical Paradoxes were influenced by Sinclair's unpublished treatises.
Sinclair's manuscript (see figure 1) consists of a 12-page introduction 'to the Reader', a 41-page chapter-by-chapter description of contents, and 503 numbered pages of his treatises. 22 At the back are 42 pen drawings with page numbers for their location and some instructions to the engraver. Now bound in a more recent cover with leather spine and marbled boards, there seems little doubt that this is the manuscript that Sinclair left with the Royal Society. His brief first-page description of its contents is in the Appendix
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(section a), together with several of his 'Physicall theoremes'. As Sinclair's visit to London was in August 1662, after performing his teaching duties at Glasgow, and after having had his long manuscript and diagrams copied, much of the text must surely have been written by the previous year: accordingly, it is here dated '1661 -1662'.
Sinclair's Latin translation and reworking of this manuscript was eventually published in 1669 in Rotterdam as Ars nova et magna gravitatis et levitatis (see figure 2) . 23 Early notice The hydrostatical works Another who wrote to Oldenburg at this time was the mathematician René François Sluse, who lately discovered at our booksellers' two books dealing with almost the same subject: the first is George Sinclair's Ars nova et magna gravis et levis; the second the Paradoxa hydrostatica of the famous Mr. Boyle, in which I wonderfully rejoiced to see confirmed by experiments those things contrary to the common philosophy that can be deduced from the principles of the late Pascal and Torricelli. 25 Sinclair's Ars nova et magna is immensely long, at 644 pages, including a very full index. His short list of contents is translated in the Appendix (section b), together with some theorems, which may be compared with those of his earlier manuscript. The first section comprises six books of 'philosophical dialogues' on hydrostatics amounting to 472 pages, followed by two books on hydraulic instruments ( primarily siphons), and a final book on the hygroscope (hygrometer for measuring humidity) and chronoscope ( pendulum). Its various figures correspond almost exactly with those of the earlier manuscript and occur in the same order. Despite this, the text differs more than expected. Most notably, it is expressed in dialogue form, whereas the manuscript consists of a conventional series of treatises. The dialogues are conducted among four imagined characters: Alexander, the main expositor, who converses with Franciscus, Cornelius and a servant, Dromo. This dialogue form is retained in the later books ( pp. 473 -608). Appended to the work is a curious essay entitled Palladis Gymnasium ( pp. 609 -625) concerning an idealized college, envisaged as being in Glasgow. As well as close similarities of content, there are significant differences. In the manuscript, Sinclair discusses recent work of Deusingius (but not that of Linus which was also published in 1661), 26 and he makes no mention of observations of comets, which are a strange intrusion in the Ars nova et magna.
The Socratic dialogue form was still employed in Sinclair's day. Galileo's Dialogue Concerning the Two Chief World Systems was cited by him; and Thomas Hobbes used it in his 1661 Dialogus physicus de natura aeris. 27 But the daunting and undue length of Sinclair's treatise may have repelled potential readers, even in a prolix age: Boyle, for one, wrote copiously in an over-leisurely style.
Though no reply now exists to the letters from Colepresse, Oldenburg not only responded but also enclosed a letter to Sinclair, now lost, for Colepresse wrote to Oldenburg on 16 August 1669: 'I receive yours including another to Mr. St. Clere, a gent. I know not, but shall send to enquire him out in Rotterdam.' 28 Oldenburg soon afterwards anonymously, and dismissively, reviewed Sinclair's book in the Transactions of the Royal Society:
The Argument of his Book is the Spring and Pressure of the Air, together with some Considerations touching the Weight and pressure of Water, as also concerning a Vacuum, the effects of Pumps; item Pendulums, Hygroscopes, &c.
Whether the Doctrine or Experiments, here deliver'd, be new and unheard of (as the Author is pleased to think, they for the most part are) we leave to the well-read and Intelligent to Judge. Only we find ourselves obliged to take notice that that excellent Treatise of the Honorable Robert Boyle, entitled, New Experiments PhysicoMechanicall, touching the Spring of the Air and its Effects, was printed two years before that time, about which the Author of this Book saith, in his Preface to the The hydrostatical works of George Sinclair Reader, he came to London, and there committed his then un-printed papers to the Censure of the Philosophical Colledg there, meaning the Royall Society, of which he complains . . . that he expected an answer from them for almost two years in vain; adding, that he afterwards found, in divers books printed in English, many things taken out of his Manuscript. 29 Oldenburg emphasizes that Boyle's book was published before Sinclair visited London, and that, during his visit, 'Mr Boyle discoursed much with him on that subject, and . . . [he] received much light from [Boyle] concerning the same.' Furthermore, he says that Sinclair is mistaken in believing that he had 'commended his Manuscript to the Judgment of the R. Society', as it is nowhere mentioned in the Register Book; and that Robert Moray, with whom Sinclair had left his papers, 'did not at all judg them proper to be exhibited there, because they seem'd to containe nothing new or extraordinary'.
Sinclair quickly defended himself in an eight-page pamphlet. 30 He first reproduces Oldenburg's review, then objects that this account is defective, 'wrapping up some of the choicest matters in an &c.' Particularly, the reviewer should have spoken of 'New Experiments', rather than 'some considerations', touching the pressure of water, and should have noted the account of 'the Diving Bell, which will be found not onlie new; but of great use to the world'. As to the originality of his 'Theoremes and axioms; his Figures and Cuttes', Sinclair challenges the reviewer to find, if he can, anything of the sort in any other book printed before the year 1662. He suggests that the fact that his manuscript was not recorded in the Register could have been a deliberate omission, in order to allow others to deny having seen it. He further claims that the author has wronged Sir Robert Moray, for he was so far from judging that the Manuscript not proper to be exhibited there, that he caused one carry it along of purpose to the meeting of that Illustrious Bodie, Mr. Sinclar himself being present at that time, when it was delivered, and received by them and that Moray had furthermore advised him to translate his manuscript into Latin, and print it. Sinclair goes on to repeat his complaint that he had found 'in diverse books printed in English many things taken out of his Manuscript' and he promises to publish details in his next treatise (but he did not do so).
As for Robert Boyle, Sinclair wonders why the author should mention him, as 'none shall ever carry to him, and all such excellent spirits, more due respect and reverence'. On the subject of meeting Mr. Boyle 'at his own dwelling house in the country', where the reviewer says that he received much light from Mr. Boyle In the early years of the Royal Society, procedures for lodging material were informal. In March 1661 'it was resolved it should be free for any member of the society to have copies of any paper registered, but not to communicate them to strangers without leave of the society, except it were his own paper'. Then it was ordered in May 1662 that 'no original paper be taken away by any member before it is registered, without the leave of the society'. 33 Later, as Shapin tells us:
In 1665, Boyle took his full part in establishing recording practices that aimed to secure to members of the Royal Society (including himself ) proprietary and priority rights . . . Boyle encourages Oldenburg to make up a catalogue of his writings, expressing fear that the circulation of loose sheets risked intellectual theft . . .
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In February 1668, the procedures were outlined by Oldenburg in a letter to Boyle: Concerning the provision made by the Council to secure mens philosophical propriety's, they have order'd, that if any thing of that nature be brought in and desired to be lodged with the Society, in case the Authors be not of their Body, they should be obliged to shew it first to the President (for fear of lodging unknownly Ballets and Boufonries, in these scoffing times) and that then it should be seal'd up both by the smaller seal of the Society, and the Seal of the Proposer; but if the Authors were of the Society, that then they should not be obliged to shew it first to the President, but only to declare the general head of the matter to be laid up, and that then it should be sealed up, as mentioned before. 35 It seems likely that the group comprising Moray, Brouncker, Boyle and Goddard indeed decided that Sinclair's manuscript was not of sufficient interest to warrant registration by the Society, in view of Boyle's previous work and ongoing observations by other fellows. This incident may be the Society's first case of peer review: certainly, as Adrian Johns has argued, the system of registration could be mobilized very effectively against outsiders. 36 Johns first observes that allegations of plagiarism were widespread, listing those made against leading fellows, who included Isaac Newton, Robert Hooke, Robert Boyle, Edmond Halley and John Wallis, and against the prominent non-fellow Thomas Hobbes. (He might also have included the mutual accusations of Christiaan Huyghens and James Gregory.) He quotes the Frenchman Sorbière's complaint that English writers as a whole 'never cite the Books from whence they Borrow, and so their Copies are taken for Originals'. 37 John Wallis was viewed with particular suspicion by his peers: the diarist John Aubrey wrote that I have reassured Mr Hobbes that he is not alone in being abused by Dr Wallis: Mr Hooke has been too, and so has Sir Christopher Wren. Dr Wallis is like a common spy, stealing from the discourse of ingenious people and printing what he takes. He is a most ill-natured man, an egregious liar and backbiter. 38 Regarding Sinclair's involvement with the Royal Society, Johns observes that unknown to Sinclair, his paper had actually prompted the Society's declaration that all perusals should remain secret and not be accounted corporate declarations in favour of publication. The lack of an entrance in the register could then be explained only too
The hydrostatical works of George Sinclair 247 readily. It was obviously in the 'interest' of those who had appropriated its contents . . . to ensure that his work 'should not be recorded in the Register'. 39 Johns goes too far in suggesting that Sinclair's work had been 'appropriated' by others, but it plausibly had an unacknowledged influence on later publications. Though Johns supposes that Sinclair had hoped that his work would be published in the Society's Transactions, any prospect of this was unlikely: Sinclair's manuscript was far too long for that, and the early volumes of the Transactions were not published by the Society itself but by Oldenburg on his private initiative. More realistically, Sinclair may have wished for recognition, the Society's imprimatur of his work and perhaps his acceptance into the Society. In all of these he was bitterly disappointed.
Sinclair's other major work on hydrostatics was published in Edinburgh in 1672 (see figure 3) . 40 Its full, lengthy, title is:
The Weight, Force, and Pressure of FLUID BODIES, Made evident by Physical, and Sensible Experiments.
TOGETHER
With some Miscellany Observations, the last whereof is a short History of Coal, and of all the Common, and Proper Accidents thereof; a Subject never treated of before.
By G.S.
and the fulsome dedication to 'Robert, Viscount of Oxfuird, Lord Mackgill of Cousland, &c.' is signed 'George Sinclar'. Here he abandons his previous arrangement as a series of dialogues. The first 196 pages exclusively concern 'theorems' and experiments on hydrostatics, while pp. 197-302 consist of 'miscellaneous observations'. These are a curious mixture: several relate to coal mines, some to astronomy, some to hydrostatics and pneumatics, some to extreme weather events and the sustenance of plants and trees; one to the manuscripts of John Napier of Merchiston for engines of war; another to 'a large Horn cut off a Womans head lately'; and one to a supposed supernatural 'sad trial one Mr. Campbel suffered . . . from the Devil.' Additionally, there is a prefatory note 'To the Reader', in which Sinclair outlines his book and refers to a recent critical attack (that made by Gregory and Sanders), and a postscript ( pp. 305-319) that replies at length to these same detractors.
In 1673, within a review of several new tracts written by Robert Boyle, the anonymous reviewer, certainly Oldenburg, again takes issue with Sinclair. 41 This critique was occasioned by a brief reply from Boyle to a critical passage in Sinclair's recently published Hydrostaticks. 42 Boyle claims that, 'being hinder'd to make hast home', he only
perused that part of Sinclair's book that criticized one of his own experiments about 'weighing Water in Water', that Sinclair claimed to involve 'a great mistake'. Boyle asserts that 'possibly the Dispute between us is not much more than verbal' as he had supposed things that he had formerly proved, that were not there referred to. He then The hydrostatical works of George Sinclair 249 embarks on a lengthy explanation, but is at pains to indicate a lack of interest in Sinclair's book, 'which I tell you, that you may not now expect any Character of it from me'. Oldenburg uses this review to attack Sinclair again, ignoring the content of his Hydrostaticks. He merely notes that Sinclair had reprinted his earlier 1669 pamphlet as an annex to it, but had deleted this from the copy he presented to Sir Robert Moray. (This allegation seems dubious: in all seven copies of the work examined by the present author, the pamphlet is absent.) He again repudiates Sinclair's claim that his manuscript could have been received by the Society but not recorded in the Register. He further advises that Sinclair should 'consider . . . how much, before his pompous Ars Nova & Magna came abroad, had been printed of the Doctrine of the Air's Pressure . . . '. Also, that in this so Inquisitive and Experimental Age it not seldom comes to pass, that Learned and Curious Men . . . happen to light upon and discover the same things and truths . . . . And, having said thus much, if M Sinclair do yet persist in the good opinion he hath of himself, we shall leave him still to feed on it.
Sinclair later issued several pamphlets and revised versions of his previous works. 43 In addition, he published two works on religion and the supernatural. The first, Truths Victory over Error. Or, An Abridgement of the Chief Controversies in Religion, was a translation of a Latin work, Praelectiones in confessionem fidei by David Dickson, that had long circulated in manuscript. 44 The second was Sinclair's most-read work, Satans Invisible World Discovered; or, A Choice Collection of Modern Relations: proving evidently against the Saducees and Atheists of this Present Age, that there are Devils, Spirits, Witches and Apparitions, from Authentick Records, Attestations of Famous Witnesses, and Undoubted Verity. 45 Presbyterians of Sinclair's day held a firm belief in the everyday presence of the devil and of witchcraft, and it was not unusual for scholars of this time to pursue an interest in demonology and the supernatural. Sinclair's religious and philosophical views were intertwined: he objected to the atheistical writings of Hobbes and Spinoza, and also to Cartesian philosophy, which encouraged atheism.
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A second unpublished manuscript by Sinclair is preserved in Glasgow University Library. This was a further retort to the criticisms of Gregory and Sanders, described below. 47 There are also some archival records of Sinclair recorded in Munimenta alme Universitatis Glasguensis. 48 A final poignant entry, in 1697, reads 'By ballance which Mr Sinclair was due at his death which the Colledge looseth, he having nothing. He had been a Regent from 1654, and was ane honest man. 170l. 16s.' Clearly he died poor, despite his professorial salary.
SINCLAIR'S HYDROSTATICS IN CONTEXT
Though Sinclair's Ars nova et magna did not 'come abroad' until 1669, his English manuscript Treatises were written during 1661 -1662, a point before which little on the topic had been published in the British Isles, as he had claimed, save Boyle's air-pump experiments, 49 and these last contain just a little about mercury tubes. In the Preface of his manuscript Treatises, Sinclair records that he had read a work by Gaspar Schott, that mentioned observations and experiments by 'that renowned Gentleman Robert Boyles Esquyre'. Though he saw Boyle's book only after he had completed his own five treatises, he records in his unpaginated preface that:
A. D. D. Craik I found his doctrine so homologat the conclusions of these Treatises that (I doe ingenuously confesse) if they were not the only yet they were the cheefe cause, why I became confident to publish these five Treatises . . . I judge it a very small matter, and a thing not worth the debating for, whether there be or may be a vacuity or not a vacuity. But the grand designe is to demonstrat the weight, compression, and force of the aer, that we live among, which is a thing that not one among a thousand will beleeve, and to demonstrat what a wonderfull weight presseth our bodies everie moment . . . Whereby wee may see the admirable providence of the wise Creator, who hath ordered the things in nature . . .
In 1660, Robert Boyle had published his main work on the air-pump, New Experiments Physico-Mechanical, touching the Spring of the Air; it was followed in 1661 by a History of Fluidity and Firmness, which also contains several brief mentions of hydrostatics. 50 These include the difficulty of separating closely fitting pieces of glass and of marble, owing to the air's pressure, and his rejection of the views of 'the Peripateticks, and the generality of the School Philosophers' regarding the supposed 'Abhorrency of Vacuum' (both topics previously treated by Pascal). 51 In 1662, Boyle published two further essays, dismissing the objections and theories of Franciscus Linus and of Thomas Hobbes. 52 These primarily concern their interpretations of Boyle's air-pump experiments and whether a true vacuum can be created: but a little is also said about experiments with mercury or water in tubes. 53 Rejecting a vacuum above the mercury, Linus proposed that the void contained an imperceptible medium comprising invisible cords (funiculi), equipped with minuscule hooks that pulled down on a finger placed over the open end of the tube: otherwise, he thought, the finger could feel no suction. In his Ars nova et magna (but not in his earlier manuscript), Sinclair would also discuss and dismiss Linus's view. By 1662, both Boyle and Sinclair, unlike Linus and Hobbes, had a good understanding of hydrostatics; unlike Sinclair, Boyle had as yet made no attempt to write a comprehensive account of the subject.
In fact, from 1660, several members and correspondents of the Royal Society had been active in recording observations with mercury tubes stemming from the famous 'Torricellian experiment' to demonstrate the pressure of the air. Many are noted by Birch: these mainly concern measurements at the foot and top of hills, and the influence of weather on the height of the mercury column. 54 Among those involved were Brouncker, Boyle, Evelyn, Moray, Wren, Goddard, Wallis, Power, Ellise, Powle and Balle. In particular, during 1661 -1662, Jonathan Goddard performed experiments with tubes containing water and mercury, and in August 1662 '[John] Wallis' account of Goddard's experiment of weighing mercurial glass canes' was ordered to be registered and published. 55 Though it was never, in fact, published, the six-page manuscript survives, and Wallis later incorporated it into his treatise Mechanica. 56 Certainly, there was no lack of interest in mercury-tube experiments both before and after Sinclair's London visit.
Chalmers suggests that 'It was not until Boyle read Blaise Pascal's two Treatises in 1664, a year after they were published, that Boyle gave serious attention to hydrostatics'. 57 But Boyle had almost certainly seen Sinclair's manuscript before that date. Boyle's main publication on mercury-tube experiments and on hydrostatics is his Hydrostatical Paradoxes made out of New Experiments (1666). 58 In this there is no mention of Sinclair; but many of the experiments described are similar to those of Sinclair's English manuscript of 1661 -1662 (and of his not-yet-published Ars nova et magna). Boyle's exposition differs from Sinclair's, and there is no suggestion that Boyle simply appropriated material from Sinclair's work: he certainly performed his own experiments,
The hydrostatical works of George Sinclair many of them with 'oyle of turpentine' rather than mercury as the working liquid. Certainly, the object of Boyle's publication was not dissimilar, though more focused on rebutting the views of the 'Peripateticks'. If Sinclair considered this one of the 'diverse books printed in English [containing] many things taken out of his Manuscript', he never explicitly said so.
In his Hydrostatical Paradoxes, Boyle claimed that, apart from the worthy contributions of Archimedes, Marinus Ghetaldus, Stevinus and Galileo, and the 'most erroneous conceits' of the recent followers of the 'Peripateticks, and other School Philosophers', there existed 'but few Treatises written about the Hydrostaticks, and those commonly . . . so written as to require Mathematical Readers'. Accordingly, 'this usefull part of Philosophy, has been scarce known . . . to the generality ev'n of those Learned men . . . reckoned among the ingenious Cultivators of the modern Philosophy'. His so-called 'paradoxes' are designed to demonstrate the 'received errors' of the philosophers; and, though his 'Physical Enquiries . . . may fall short of Mathematical Exactness', they 'come very near the matter'.
Near the start of the work proper, Boyle questions 'Whether or no Monsieur Paschall ever made these Experiments himself' or whether he 'might possibly have set them down as things that must happen'. Then, he ascribes to that 'excellent Mathematician the Learned Dr Wallis' a useful 'postulatum or Lemma' that consists of three parts, viz: 60 Boyle would have seen the latter report at the Royal Society, and he perhaps received a private communication from Wallis that contained the lemma. But Boyle's three-part lemma also resembles some of Sinclair's 'Theorems' (see the Appendix). While Boyle cited unpublished work by his friend Wallis, he was silent about Sinclair's unpublished manuscript, which he had almost certainly also read. Unlike Sinclair's works, which were aimed at a general reader previously unacquainted with his subject, Wallis's Latin work Mechanica sive de Motu, Tractatus Geometricus, amounting to nearly 800 pages, was written for mathematically inclined scholars. The third section contains his chapter XIV, 'De Hydrostaticis', at pp. 708 -746. This need not be analysed in detail here, but it is pertinent to note that Wallis mentions Boyle many times, though never Sinclair. In discussing mercury columns in inclined tubes, he gives a dubious explanation: that a greater length of mercury than in a vertical tube is supported because its weight rests upon a greater elliptical area, this being the horizontal section of A. D. D. Craik the enclosing tube of circular cross-section. Though specious, this gives the correct result that the supported column is increased in length by the factor 1/sinu over that in a vertical tube, where u is the angle of the tube's inclination to the horizontal. But it was well known by Wallis's time that the height of the column is independent of the shape or size of the lower orifice. In contrast, Sinclair observed that the additional weight is supported by the inclined tube itself; but Gregory later supported Wallis's explanation over Sinclair's. 61 Another discussion of hydrostatics by Wallis is A Discourse of Gravity and Gravitation, grounded on Experimental Observations. 62 This was composed in reply to the lawyer Matthew Hale, and contains nothing that corresponds to the lemma stated by Boyle. Though Hale cited Sinclair's Ars nova et magna, by then published, Wallis did not. 63 Sinclair's individualistic but sound account of the fundamental principles of hydrostatics is set out in broadly similar terms in all his hydrostatical works. Though he must have read Boyle's Hydrostatical Paradoxes and other works before his Ars nova et magna was belatedly published, he saw no need to modify the basic ideas first expressed in his manuscript Treatises. He distinguishes between 'sensible weight' and 'insensible weight' of a quantity (Treatise I, p. 3; also Ars nova et magna, Book I, Dialogue I). The first is that measured in scales or felt when one lifts up and holds a container-full of liquid. The second is that force and power (Latin Vis, & potentia) which impels lighter bodies (both fluid and solid) to move upwards within a fluid. He further notes that the same insensible weight drives flames and other vapours upwards in air. Accordingly, the 'insensible weight' is that part of a body's weight that is not sensed when immersed in surrounding fluid. This is just that supported by the upthrust due to the liquid pressure; and Sinclair correctly states that 'when a heavy body is weighed in Water, it becomes so much lighter exactly, as is the weight of the Water it thrusts out of its own place' (e.g. Hydrostaticks, re. Theorem XVIII).
He then enunciates a principal 'Theorem', that 'balance' is of two kinds, 'natural' and 'artificial'. The latter is that of, say, a column of liquid, when removed and weighed in scales. The former is the balance of a column of liquid, when counterpoised by another liquid column, as in a U-tube. Sinclair next states a key fact: that fluid bodies weigh equally in the 'natural balance' according to their heights alone. That is to say, a liquid in the two parts of a U-tube (actual or notional) with arms of differing girths are in equilibrium when their vertical heights are the same, although their 'sensible weights' may be very different. Further, fluids lose some of their 'insensible weight' when the tubes containing them are inclined towards the horizontal (in proportion to the sine of the angle of inclination to the horizontal, as explained more fully at Ars nova p. 491); and fluid bodies, especially water and air, are endowed with both weight and compression or 'elatery'. 64 But he admits that the compressibility of water has not yet been established. Then follows a major statement: 'Fluid bodies, such as air, water and mercury, bear upon and press on all sides, uniformly and from every part equally'.
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All these ideas were first set out as twelve 'Physicall Theoremes' in his manuscript Treatises, as reproduced in the Appendix (section a). The last-mentioned 'Theoreme' shows that, at an early date, Sinclair had a clear understanding that fluid pressure acts equally in all directions, though, like Boyle, he lacked a consistent quantitative concept of pressure as a force per unit area, as later formulated by Newton.
Other features of Sinclair's expositions are his opposing notions of Pondus and Potentia, to which Boyle objected. Given a portion of horizontal surface within a fluid that supports a
The hydrostatical works of George Sinclair column above it, the Pondus is the weight of the column supported, and the Potentia of the surface is its ability to support this weight, as the 'two are alwayes of equal force'. Accordingly, ''tis impossible for one part of the same Horizontal surface, to be more burdened than another: . . . inequality between the Pondus and the Potentia in Fluids, is the proper cause of the motion of Fluids' (Hydrostaticks, p. 48).
Though objected to by Boyle, Sinclair's concept of 'natural balance' relates closely to Pascal's, whose Traitez de l'equilibre des liqueurs, et de la pesanteur de la masse de l'air begin with the chapter 'That liquids weigh in proportion to their height'. 66 Pascal 67 Sinclair himself confirmed in his Treatises and his 1669 pamphlet that his interest in hydrostatics had been whetted by his study of Pecquet's New Anatomical Experiments, and that he had not seen Boyle's account of his air-pump experiments until after he had completed his own experiments. 68 Certainly, his reading of Pecquet's New Anatomical Experiments drew his attention to the 'elatery' or 'bensil' of air; but Pecquet did not propose anything corresponding to Sinclair's 'natural balance'. 69 Other possible influences are Marin Mersenne's Novarum observationum physico-mathematicarum (1647) and Gaspar Schott's Mechanica hydraulico-pneumatica (1657). 70 Mersenne discusses vertical and inclined mercury tubes ( pp. [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] , with a diagram like one in Sinclair's Ars nova et magna ( p. 15). A similar discussion, but without the diagram, is in Pascal's Expériences nouvelles of 1647, 71 but neither stated the clear principle of Pascal's later work. In Book I, Dialogue II, of Ars nova, as in his manuscript Treatises, Sinclair introduces the 'baroscope' -essentially just the Torricellian tube, already investigated by many others. Though he never mentions Pascal, Sinclair's alter ego 'Alexander' in Ars Nova refers several times to one Adrianus Valerius, who, he says, supplied him with baroscopes (but, since there was a well-known Dutch poet and composer of this name, this is probably a literary conceit). When the tube is progressively inclined towards the horizontal, more is filled with mercury, until the void above the mercury column disappears. Many experiments and observations with the baroscope are described: these include the changes of the mercury's height when taken up hills and high buildings, and variations due to weather. He also notes that a mercury tube with a very narrow lower exit exposed to the air acts just like the baroscope, though without the bath of mercury. More elaborate experiments involve submerging the baroscope in various depths of water, superposing water above the mercury in the tube, and balancing columns of mercury and other liquids in a U-tube. All is clearly explained in terms of the atmosphere's (and sometimes water's) pressure on the surface of the mercury in the bath. For example, in the manuscript Treatises ( pp. 2 -3, contents of chapter IV) Sinclair states that:
When Mercury is counterpoised in the ballance of nature with water, for fourteen inch of water in altitude, there must be but one inch of Mercury in altitude. A glasse tube [open to the air] being putt to the bottome of a water 34 foot deep, and filled with Mercury, the whole quicksilver subsides to 29 inch . . . [but] putting the baroscope to the bottome of a deep water thats 34 foot deep . . . the Mercury will not be 29 but 58 inch high.
A. D. D. Craik
In Book I, Dialogue III, of Ars nova, the participants debate whether or not the void in the baroscope is a vacuum, in which 'Alexander' dismisses 'Cornelius's' belief in funiculi as a hallucination. This is a clear reference to Franciscus Linus (but Linus's work, published in 1661, is not discussed in Sinclair's manuscript). Later, in Book III, Dialogue III, ( pp. 302 -326), the views of both Linus and Deusingius are more fully discussed: again Alexander refutes Cornelius's advocacy of the funiculus concept, arguing that the void is simply empty space. Tellingly, he had previously observed that when a baroscope tube is moved quickly into a horizontal position (first stopping the open end), mercury runs quickly and freely from one end to the other. Accordingly, 'very little or no air exists in that space; because, when the vacuity changes place, no bubbles of air are seen to cross from one end of the tube to the other'. 72 In contrast, Sinclair's later Hydrostaticks does not refer to the disputes about the vacuum. 73 About the mercury tube, he merely writes that 'when the mercury falls down . . . , it leaves behind a sort of vacuity behind it, wherein there is neither Air nor Water' ( p. 82). In his preface, Sinclair explains that, though he himself had conducted many of the experiments described, there are others which were 'rather some production of Reason . . . though never actually tried, nor haply can be, because of some accidental impediments'. (The latter are mainly those that suppose water to be slightly compressible.) But such imagined experiments would have been deemed inadmissible by the Royal Society's strict adherents to the scientific programme of Francis Bacon: they valued actual experiments above the speculations of philosophers, of which Boyle's suspicion regarding Pascal's experiments is just one manifestation. 74 In this work, Sinclair presents 34 'Theorems . . . which are in effect nothing else, but so many conclusions rationally deduced from various . . . Experiments, which for the most part, I have tried myself' ( pp. 1 -36). Many of these 'Theorems' (most of which appear in some form in his earlier works) are shown in the Appendix (section c). They are established by physical experiments rather than by mathematical proofs, and Sinclair cites Robert Boyle as another who preferred this approach. He then describes his 20 'Hydrostatical Experiments' ( pp. 37-196) followed by 24 'Miscellany Observations' ( pp. 197-302). The last of these is a long and well-informed article about coal mining, his 'History of Coal' ( pp. 258-302). Observations I and IX also concern the harmful 'Power of Damps and Ill Air' in coal mines. Observation X describes 'Experiments tried with the Air Pump' ( pp. 218 -224), which Sinclair notes in his preface that he had inserted 'even though the Noble Mr. Boyl hath given an account of many'. He does so because, having been offered an air-pump by the Laird of Saltoun, he 'could not, but in obedience to his commands make use of it, and shew him the Product'. 75 Observation XVIII, on 'a curious Experiment made lately in Germany', describes the famous Magdeburg hemispheres. Sinclair's exposition of the principles and main results of hydrostatics are little changed from his earlier works, though some telling new experiments are described.
The 20 experiments (some actual and some conjectural) support the 'Theorems'. As in Sinclair's earlier works, several concern mercury tubes. The apparently paradoxical Experiment VIII particularly demonstrates his clear understanding (see his Figure 12 , p. 119). He notes that, when a cylinder of stone, suspended from a beam, is halfsubmerged in a vessel of water, the weight of the vessel of water is increased by the same amount as the cylinder's weight (supported by the beam) is reduced. This happens because of the increased depth of the water, which increases the pressure on the bottom
The hydrostatical works of George Sinclair of the vessel. Yet the natural weight of the water and vessel cannot have changed. In contrast, if a bladder is fixed to the bottom of the vessel and inflated with air, the displaced water does not cause an increase in weight, because the bladder pulls up on the vessel's bottom by an equal amount.
Sinclair's Experiment XII is one that 'cannot be made practicable', but is nevertheless instructive. He describes how a heavy cylinder, of say brass or gold, can be suspended in water if the cylindrical space, extending above the cylinder to the water's surface, is either a void or is filled with air rather than with water. Near the end of his Experiment XIII ( pp. 117 -119), Sinclair refutes Henry More's argument against the pressure of the air, in which it was suggested that a thin slice of butter would be rapidly squeezed out of shape because the vertical forces on the upper and lower surfaces would far exceed those on the other narrower sides. This brought the response from Boyle alluded to above. 78 Though Boyle claimed to have spent little time reading Sinclair's book, he had nevertheless copied out some lengthy passages that are reprinted in this reply. Boyle defends his experiment and its interpretation at considerable length, and mentions two points on which he differs from Sinclair: he claims not to understand what Sinclair means by potentia ( p. 166), and he doubts Sinclair's distinction of 'natural and artificial balance' ( p. 175). Yet Boyle allows that: 'however my expressions disagree with those of my Adversary, the distance of our opinions is not so wide as at first sight it seems' ( p. 159); and 'Whether we shall agree in all other points of Hydrostaticks, . . . I cannot yet tell, though by the expression he is pleased to use (in the 146. page) . . . 'tis probable we may' ( p. 175). Indeed, their difference was one of interpretation rather than fact. Sinclair's viewpoint was that the 'insensible weight' of a portion of water within water was equal to its 'sensible weight', and so it could not 'weigh in water': accordingly, 'the Pressure of the Water is one thing, and Water to weigh in Water is another'. 79 Experiment XVIII is Sinclair's most practical, offering improvements on the existing 'Diving bell . . . made use of with success' ( p. 153) (see figure 4 ). Sinclair's contraption is a well-made four-square 'wooden ark', covered with pitch inside and out, and open at the bottom. The top side is secured to a long rope by a strong iron ring, and there is attached a 'great weight of Lead . . . whereupon the Divers feet must stand, while he is going down'. Whereas previous diving bells had been of lead, Sinclair believed that his wooden one had several advantages, and might be equipped with windows of glass. He also observes that, as the ark descends, the air within it is compressed and the amount of water displaced by ark and air together is diminished, so causing the weight supported by the rope to increase; additionally, more weight is added by the increased length of the rope itself. These can be compensated for by fixing a row of hollow wooden vessels or air-filled bladders to the rope. He speculates that a man might live in his ark at a depth of A. D. D. Craik 256 10 fathoms for up to two hours; and he discusses the dangers to health and life of diving too long or too deep. The possibility of replenishing the air by sending down bottles or bladders is suggested, but not that of supplying air continuously through a tube. Not long after, Boyle, too, wrote a small treatise on the physiological effects of diving. 80 There seems to be no surviving record of Sinclair's 'wooden ark' in use. His previous encounter with a diving bell in Tobermory Bay around 1664 was of that contrived by a Mr. Maule, laird of Melgim. This was constructed of lead, and it is described in Ars nova, where The hydrostatical works of George Sinclair
Sinclair also discusses experiments with mercury tubes within the diving bell. 81 In May 1661, the Royal Society had itself commissioned an 'engine for diving'; this was tested at Deptford in July 'by the amanuensis, who stayed in it eight and twenty minutes under water'. 82 Though Sinclair's account was the most complete and perceptive yet published in English, there was already a long history of diving aids, usefully described by Bachrach. 83 Among few British authors who referred to Sinclair's Ars nova or his later Hydrostaticks (apart from Boyle, and 'Mathers' discussed below) was the lawyer-philosopher Matthew Hale. 84 In the Preface to his Truth's victory, Sinclair bemoans the reception of his works: 86 This undoubtedly refers to Johann Christoph Sturm (1635 -1703), Professor of Mathematics at Altdorf, whose Collegium Experimentale sive Curiosum contains much on hydrostatics and optics. 87 Sinclair would have been pleased to see his name in large type on its very first page, at the head of Sturm's account of the diving bell; and there are many other favourable mentions as well.
THE GREAT AND NEW ART OF WEIGHING VANITY (1672)
In 1668, James Gregory (1638-1675) became the first Regius Professor of Mathematics at St Andrews, an appointment probably authorized by Charles II on the advice of Sir Robert Moray, who was a St Andrews graduate. Gregory was already a respected mathematician, who had spent some time in Padua and who had just been elected a fellow of the Royal Society. He was also then involved in an acrimonious priority dispute with Christiaan Huyghens over some geometrical results that both claimed to have discovered. Gregory's hot-headed words brought a rebuke from the Royal Society, for the Oxford mathematician John Wallis wrote to Henry Oldenburg:
But you may then advertise Mr. Gregory: that his friends do not approve of his way of language: and therefore he ought for ye future to take notice of M. Hugens with more respect (as he deserves) or that it will not be thought proper for ye Transactions. 88 Gregory's willingness to embrace controversy was again manifested in the polemical publication directed against George Sinclair. Though Gregory would not have known Sinclair when the latter was working as a pedagogue in St Andrews, they may well have met soon after his arrival, by which time Sinclair had resigned from his Glasgow appointment. Gregory's friend and colleague William Sanders was appointed to the Chair of Philosophy at St Andrews in 1672; then, two years later, he succeeded Gregory in the Regius Chair when the latter moved to Edinburgh. Gregory's brief time in St Andrews was a troubled one: he was opposed by reactionary and obstructive colleagues who objected to his new ideas, and he was not one to suffer fools gladly.
On 2 July 1672, in just part of a longer letter to his London correspondent John Collins, Gregory wrote:
There is one Master Sinclair, who did write the Ars Magna et Nova, a pitiful ignorant fellow, who hath lately written horrid nonsense in the hydrostatics, and hath abused a master in the university, one M r Sanders, in print. This M r Sanders is very knowing in the mathematics, and is resolved to cause the Bedel of the university write against him; and upon this account hath desired me to write to you for Stevin's Mathematics . . . He hath also written against M r Boyle for weighing water in water. We resolve to make excellent sport with him . . . It is unclear how much was written by Sanders and how much by Gregory, but it is reasonable to assume that the detailed objections to Sinclair's work were supplied by Gregory. This is perhaps best regarded as an instance of the old Scottish literary tradition of 'flyting', in prose or verse, a no-holds-barred amusing and exaggerated ridiculing of one's opponent. 90 Here, the vituperative polemics are ignored, and only the specific objections to Sinclair's work are addressed.
The book finds fault with all of Sinclair's publications: his Hydrostaticks, Ars nova et magna and Tyrocinia are each examined in separate sections, using the languages, English and Latin, of the originals. The preface asserts that Sinclair's work contains nothing
The hydrostatical works of George Sinclair 'New' or 'Great', particularly objecting that 'ye must not call experiments new inventions, otherwise we are all making new inventions every day'. But, in this, Sinclair was merely following customary practice: Boyle, for instance, published many accounts of 'New Experiments'. They further object that: 'Ye have been to much pains to prove that by experiment, which all the learned already grant, and some have demonstrat à priori from the principles of Geometry and Staticks'. Here, they allude primarily to the prior work of Archimedes and Stevin. Though the former's proofs were then understood by few, it is perhaps unsurprising that the mathematical Gregory and Sanders should object to Sinclair's experimental demonstrations of 'Theorems'. But Sinclair's approach again differs little from Boyle's, who anticipated similar criticism of his 'Hydrostatical propositions'. In the preface to his Hydrostatical Paradoxes, Boyle wrote: 'And as for my confirmation of Hydrostatical propositions by Physical Experiments, if some Readers dislike that way, I make no doubt but that the most will not only approve it, but thank me for it. ' 91 Yet Sinclair's critics maintained that 'the Hydrostaticks were already perfected'. Among their objections, the authors claimed in their preface that Sinclair's diving device was no improvement on Melgim's; 92 that his accounts of supposed perpetual motion in the Ars nova et magna (which he had then shown to be fallacious) were such that 'a novice of eight days standing in Hydrostaticks would laugh at'; and that, by his discussion of Coalsinks, 'ye may come to have the repute of being more fit to be a Collier then a Scholar'. Further, the dedication of such an unworthy work as Hydrostaticks to a 'Noble Person' showed great disrespect.
Gregory, and probably Sanders, were better mathematicians than Sinclair. They quibble about Sinclair's mis-citing a proposition of Euclid; and they rightly criticize Sinclair's several passages about optics, astronomy and pendulums, here ignored. As to hydrostatics per se, they object that Sinclair's consideration of 'the pressure of the water with the pressure of the air jointly' was unoriginal, having been dealt with already by Galileo and Torricelli, and more recently by Boyle. 93 Further, 'the learned Doctor Wallace [Wallis] hath published a Book not long ago, . . . in which he deduceth more than ever our Author shal know of the Hydrostaticks, as consectaries from one proposition'. 94 In 'An Examination of M. Sinclar's Hydrostaticks' (pp. 29-51), each of the 34 'Theorems' is treated in turn. Many are alleged to be the same as, or inferior to, propositions derived long before by Archimedes or Stevin; some are said to be suppositions or repetitions; and others are dismissed as false. Of those in the last category, Theorem IV is not false as claimed, but consistent with Sinclair's distinction between 'natural' and 'artificial balance'. Sinclair's Theorem VIII, that 'The Pressure of Fluids seem to be according to Arithmetical Progression [with depth]', is also denounced as false, though it is well known to be true for a homogeneous fluid. This was because Sinclair later claimed, in Theorems XV, XVII, XVIII and XIX, that fluids may have a 'Bensil' -i.e. may be compressible -which invalidates this rule. (His critics also take issue with a remark that the pressure cannot vary in a geometrical progression with depth.) Regarding these later theorems, Sinclair is criticized for supposing the fluid to 'have a spring', for this was as yet known only for air. These theorems suppose that water is slightly compressible, to a degree as yet unknown, and so solids (tacitly assumed to be incompressible) would have a unique depth at which they become neutrally buoyant. They object to Sinclair's 'wild notion' of 'Sensible and Insensible Weights' in Theorems IX and X; and they are wrong to dismiss his Theorem XI as 'manifestly false'. This last is the theorem about the apparent 'loss of weight' of fluid cylinders inclined from the perpendicular. Sinclair's critics follow Wallis in claiming that the cylinder instead acquires a A. D. D. Craik larger horizontal base. But, in general, Sinclair is right in saying that, the greater the inclination, 'the more weight of the Cylinder rests upon the sides of the Pipe within'.
Sinclair's Theorem XXV, 'evidently false', asserts that all water surfaces support a weight of air equivalent to 34 feet of water, or 29 inches of quicksilver. But here he was just careless: for he well knew that atmospheric pressure diminishes with altitude, and had himself made several such measurements. The final Theorem XXXIV receives particularly harsh criticism: this concerns the equilibrium heights of two fluids of different kinds, when connected together as in a U-tube. Here Sinclair expressed himself loosely, saying that 'the height of the one Cylinder is in proportion to the height of the other, as the natural weight of the one is to the natural weight of the other'; he should have written 'inverse proportion' -but Pascal had made the same slip, and the intention is obvious. (By 'natural weight', Sinclair here means density.) The criticism of Hydrostaticks ends with: 'The honourable M. Boyl vindicated from our Authors ignorant censure, in his Exper. 17' (a matter discussed above), which is alleged to be an insult to Boyle.
There seems no need to detail the various criticisms of Ars nova et magna ( pp. 53-86) and Tyrocinia ( pp. [87] [88] [89] [90] [91] that follow: they are in similar vein. As a whole, the authors make much of small errors and obscurities, and ascribe more to Archimedes and Stevin than is warranted. Sinclair is frequently described as 'ignorant', 'mistaken' and 'ridiculous'. Sadly for Sinclair, this hatchet job on his reputation had its desired effect. 95 Sinclair quickly responded to these harsh criticisms in a postscript to his Hydrostaticks ( pp. 305 -319), replying both to an earlier letter and to the blast from 'Mr Patrick Mathers' that he says was dated 14 March 1672. 96 Some years later, in a last attempt to rescue his reputation, Sinclair prepared a further work that was never published. This is CACUS PULLED OUT OF HIS DEN BY THE HEELS: or the pamphlet intituled, the New and Great Art of Weighing Vanity examined, and found to be a New and great art of vanity.
97 In it, Sinclair revisits and rebuts all the criticisms made by 'Mathers'; and he is now well aware that Gregory and Sanders were the authors. In his preface, Sinclair regrets that Gregory, now dead, is not still alive to read his reply. He criticizes Gregory for suddenly leaving St Andrews for Edinburgh after incurring the considerable expense of equipping an observatory. 98 He then alleges that, at Edinburgh, 'all which [Gregory] taught for a 12 month, was poore Arithmetick, which a silly countrye schoolmaster, would have taught better'. As James Gregory died in 1675, the manuscript must date from after that. A detailed examination is not warranted.
CONCLUDING REMARKS
Sinclair's exposition of hydrostatics, still then much misunderstood, stands comparison with those of his contemporaries Robert Boyle and John Wallis, and is in marked contrast to the philosophical speculations of several critics of Boyle's interpretation of his famous air-pump experiments. Boyle and Sinclair held similar views on the foundations of hydrostatics and the existence of a vacuum, though they expressed these in different terms. Though neither did so as clearly and succinctly as Pascal in his belatedly published 1663 Treatises, their demonstrations and their refutations of the erroneous views of others were timely; and their many 'new experiments' both confirmed underlying principles and demonstrated sometimes unexpected consequences. Sinclair, rather more than Boyle, was concerned with practical applications, particularly the diving bell.
The hydrostatical works of George Sinclair
Admittedly, Sinclair's works were far from perfect. His style was prolix, and his selection of material to include in his works was sometimes bizarre: witness the 'Miscellaneous Observations' of Hydrostaticks. He was no doubt bitter that, as a committed Presbyterian, he was obliged to resign from his Glasgow post in 1666. From then until his reinstatement in 1689 or 1690 he made ends meet in a variety of occupations. Religious differences with the Episcopalians Gregory and Sanders perhaps added to their mutual antipathy. But the latter disagreement was more likely an ideological one: the two mathematicians espoused deductions based upon mathematical proofs, whereas Sinclair's demonstrations, like Boyle's, were founded on 'experimental philosophy'. 99 Undoubtedly, Sinclair's knowledge of mathematics, astronomy, optics and the motion of pendulums, on all of which he published, was not on a par with that of Gregory or Wallis, and this may have led them to dismiss all of his work.
As a non-aristocratic Scot arriving in London in 1662, Sinclair was dependent on the assistance of Sir Robert Moray. Though Moray introduced him to the Royal Society and accepted his hydrostatical manuscript, his assistance continued no further. In not returning Sinclair's manuscript for two years, he was either negligent or deliberately obstructive. In contrast, Moray actively supported James Gregory, whose mathematical talent was recognized. Perhaps the latitudinarian Moray was put off by Sinclair's hard-line Presbyterianism and thought him insufficiently in tune with the rational objectives of the Royal Society. It seems no accident that reference to his manuscript is all but absent from the official records of the Society, and that he is unmentioned in the surviving letters of Moray, Boyle, Wallis and Oldenburg. But it is arguable that Boyle was prompted to write his Hydrostatical Paradoxes by his reading of Sinclair's manuscript, rather than, or as well as, Pascal's treatises; and it is also possible that Wallis had seen this manuscript long before writing the account in his Mechanica.
The negative reaction of Moray and Boyle to Sinclair's manuscript may well have been based on their realization that here was an outsider pursuing similar lines of enquiry to those of their own Society members: they did not need or wish to acknowledge a rival who, they may have thought, had not advanced farther than themselves. Furthermore, he proposed some individualistic concepts that they were unwilling to accept. In particular, Boyle, and later Gregory, objected to Sinclair's crucial distinction between 'artificial' and 'natural balance' of liquid columns, although it is in line with Pascal's viewpoint and is empirically correct. This idea encapsulates what was for long called the 'hydrostatical paradox': that, because of hydrostatic pressure, liquid in a slender tube can support the liquid in one of much greater girth and of the same height. In modern terms, this is easily explained: pressure is a force per unit area, and the force supporting a uniform column of fluid is equal to the pressure multiplied by the cross-sectional area of the column's base. But, in Sinclair's and Boyle's time, the concepts of force and pressure were not yet fully developed, and Sinclair's viewpoint was both convenient and valid.
Boyle (aided by his assistants, who included Robert Hooke) was undoubtedly a more careful and skilled experimenter than Sinclair; but he eschewed mathematics and often described his results in qualitative rather than quantitative terms. Sinclair frequently gave actual (or imagined) numerical examples, supposing liquids of specified depths, rather than treating general cases, as a mathematician would have done. His clear wish was to be understood by a general reader interested both in the science of hydrostatics and also in practical matters such as diving bells and coal mines: indeed, while in Edinburgh, he was involved in the manufacture and sale of baroscopes, weather glasses and hygroscopes.
A. D. D. Craik
Though in his Ars nova et magna he addressed philosophical speculations on the existence and constitution of a vacuum (in disagreement with Linus and Deusingius), this was not his main preoccupation. Boyle, in contrast, devoted a large part of his writings to refuting the philosophical speculations of the 'Peripateticks', most notably Linus, Hobbes and More: these not only conflicted with his own experimental findings but posed an intellectual challenge to the whole experimental programme that underpinned the purpose of the Royal Society.
Oldenburg's hostility was in part a response to Sinclair's criticism of the Royal Society, and must have harmed Sinclair's reputation among those unfamiliar with his work. The further attack by Gregory and Sanders was another damaging blow. Boyle's dismissive review of Pascal's impressive Treatises (at the start of his Hydrostatical Paradoxes) perhaps exemplified an ungenerous attitude towards scholars outwith his own circle. But it seems inappropriate that Boyle, and later Wallis, should have given no credit to Sinclair. Though the views of Boyle and Sinclair on hydrostatics were close, Sinclair would surely have agreed with Thomas Hobbes's complaint that 'those living by ingenuity vie with each other fiercely, no less by guile than by strength'. 100 Sinclair's experiences raise several general issues about emerging scholarly practices. The Royal Society tried to ensure credit and priority of its own members, while admitting submissions from non-fellows. A rudimentary review system determined whether an external submission was suitable or not for registration. But non-registration allowed works to be ignored as though they had never existed. Did such works not deserve citation, even though disapproved of, if made use of in subsequent work published by fellows? It is unclear what Sinclair hoped to gain by approaching the Royal Society: he would have been keen to meet Boyle, and perhaps he had an unrealistic expectation that his work would be published at the Society's expense, and that he would be received with open arms as a fellow scholar. Instead, his hydrostatical achievements were in turn ignored and harshly criticized.
up the Pump for fear of vacuity; but becaus its driven up violently by the weight of the outward aer: and next that water will ascend no higher in a Pump then 33 foot 10 inch. Thirdly, the impossibilitie of a perpetuall motion with fluid bodies, is evidentlie demonstrated by sixe notable experiments that seeme to prove so much, and yet are found fallacious. Fourthly, all the common grounds whereupon No Vacuity is built, ar overturned and severall reasons for and against Vacuity ar waved [waived ¼ rejected]. Fifthlie, the increment of velocity in the motion of heavie bodyes downward, is not Apparent but Reall; and its caused by the reiterated impulses of the aer. 102 The second treatise deals at length with siphons, in both theory and practice; the third concerns the Hygroscope (hygrometer) and the measurement of humidity; the fourth is on the Thermoscope (thermometer) and its several phenomena; and the fifth is on pendulums.
Treatise I begins with twelve 'Physicall Theoremes' ( pp. 1 -11):
I. The superficies of all waters are convex and spherical [conforming to the Earth's sphere]. II. In all fluid bodies, as in water, Mercury, or in aer, a twofold weight is found; one sensible, the other insensible. III. There is a twofold ballance, one Naturall, another artificiall. IV. Fluid bodies weighes onlie in the ballance of nature according to altitude. V. Water, or anie other fluid body, loseth of its weight in the ballance of nature, according as the pipe or ballance is inclined towards the horizon. VI. All bodies are indued with weight, compression, and force. VII. Fluid bodies presse equallie and uniformly [in all directions]. VIII. The higher a Cylinder of a fluid body be, it presseth with the greater force upon the Base. IX. Though aer, water, and Mercury be bodies of verie different weight, yet may they be brought to an Aequipondium or evennesse of weight among themselves, not onlie by the artificiall ballance, but also by the naturall. X. The principle of all motion upward of water, thorow spumes, and Siphons, is the weight of the outward aer pressing upon the superfice of the stagnant water. XI. It seems not simplie impossible according to the laws of nature to admit a coacervative vacuitie. XII. Its simplie impossible according to the laws of nature to mak a perpetual motion thorow pumpes, or Siphons, by water, aer, or Mercury. I. All phenomena of the Baroscope are displayed, and most importantly, those which arise therefrom are answered most fully from difficulties: from which rules are invincibly deduced, about the Springs, Pressure, and Weight of air, to be established in perpetuity. II. Various new Experiments are brought up, and these not only pleasing but truly useful, above all to Divers, by which Sea Water is brilliantly conquered, to cultivate the very great gravity in its place. [Thus, a shorter vertical column balances a longer inclined column, because 'the more the Pipe is reclined, the more weight of the Cylinder rests upon the sides of the Pipe within'.] XII. All motion in Fluids is from the unequal Pressure of the Horizontal surface. XIII. A body naturally heavier then Water, descends; and a body naturally lighter, ascends. XVI. It is not impossible for a body to be suspended between the surface and the bottom.
[Here, Sinclair supposes that the water has some degree of compressibility, and that the body, assumed incompressible, becomes neutrally buoyant at some depth. But he allows that to know the change in density of water with depth 'is not very practicable'.] XVIII. A heavy body weighs less in Water, then in Air.
[He explicitly adds that 'when a heavy body is weighed in Water, it becomes so much lighter exactly, as is the weight of the Water it thrusts out of its own place.'] XX. One part of Fluid, cannot be under compression, unless all the parts next adjacent, be under the same degree of Pressure.
[Here, he means a compressible fluid, citing 'the Air of a Wind-gun' all parts of which must have the same Bensil.] XXV. The surfaces of all Waters whatsoever, support as much weight from the Air, as if they had the weight of thirty four foot of Water above them, or twenty nine inches of Quick-silver pressing them. XXXIV. When two Fluids of different kinds are in aequilibrio together, the height of the one Cylinder is in proportion to the height of the other, as the natural weight of the one is to the natural weight of the other.
[By 'natural weight', Sinclair here means density; also, he means 'inverse proportion 
